Background {#Sec1}
==========

Numerous chemical cosmetic products are used in hairdressing and beauty salons \[[@CR1]\]. These products are used in facial cleansing, skin, nails and body hydrotherapy and care, anti-wrinkle treatments, pigmentation and acne treatment, make up, body and face massage, reflexology, aromatherapy, face and body hair removal, and hair styling and coloring services \[[@CR2], [@CR3]\]. These chemicals release volatile organic compounds (VOCs), including methacrylates, phthalates, formaldehyde, etc. and pollutants like ozone and carbon monoxide \[[@CR4]\]. People who work in beauty salons and even their customers can be exposed to high concentrations of these compounds.

Skin and respiratory disorders, carcinogenicity, and reproductive and genotoxic effects have been associated with compounds released in beauty salons \[[@CR5]--[@CR8]\]. Salon personnel often complain about eye, nose, throat, lung, and skin irritation \[[@CR9]--[@CR11]\]. Thus, such high-risk environments need to be assessed for the types and concentrations of toxic air pollutants that result in human exposure.

Benzene, toluene, ethylbenzene, and xylene (BTEX) have adverse health effects such as cancer and probable neurological responses like weakness, loss of appetite, fatigue, confusion, and nausea \[[@CR12]\]. The acute and chronic effects of formaldehyde include sensory irritation, reduced lung function, nasopharyngeal cancer, and myeloid leukemia \[[@CR13]\]. Benzene, toluene, ethylbenzene, and xylene have been considered to be human carcinogen (group A), having inadequate information to assess carcinogenic potential, not classifiable as to human carcinogenicity (group D), and having inadequate data for carcinogenic potential, respectively \[[@CR14]--[@CR17]\]. Formaldehyde has been classified as a probable human carcinogen (group B1) by IRIS and as a human carcinogen (Group 1) by the International Agency for Research on Cancer (IARC) \[[@CR18], [@CR19]\]. Acute exposure to acetaldehyde causes irritation of the eyes, skin, and respiratory tract. Acetaldehyde is also considered as a probable human carcinogen (Group B2) by IRIS \[[@CR20]\].

Several studies have been conducted to investigate indoor air quality in hairdressing and beauty salons. Goldin et al. (2014) measured total VOC (TVOC) concentrations, particulate matter with aerodynamic diameter less than 2.5 μm (PM~2.5~), and carbon dioxide (CO~2~) in nail salons in Boston, United States. They found that performing tasks increased the air pollutant concentrations, and ventilation improved indoor air quality \[[@CR21]\]. In another study, concentrations of VOCs, formaldehyde, CO~2~, and phthalate esters were measured at hairdressing salons in Taipei \[[@CR22]\]. They detected a wide range of concentrations in various salons. Tsigonia et al. (2010) measured VOCs and formaldehyde in beauty salons. The main VOCs found in the salons were aromatics (toluene, xylene), esters and ketones (ethyl acetate, acetone, etc.) used as solvents, and terpenes (pinene, limonene, camphor, menthol) to provide desired odors \[[@CR4]\].

These studies have reported measurements, but there remain uncertainties as to the relationships between the toxic air pollutant concentrations and the different various cosmetic practices. Investigating these relationships will determine the high-risk treatments and at-risk workers and customers. The use of mitigation methods have also not been adequately examined. The effects of different types of ventilation and air purifiers needs to be studied. The results of these studies can support the design of strategies for reducing exposure in these occupational environments. This aims of this study were to measure the concentrations of benzene, toluene, ethylbenzene, xylene, formaldehyde, and acetaldehyde in 20 large beauty salons and to relate these concentrations to the different environmental and occupational characteristics of salons.

Methods {#Sec2}
=======

Study design {#Sec3}
------------

Tehran is the capital of Iran, and have about 9 million residents. This city is faced with serious problems in case of ambient air pollution \[[@CR23]--[@CR26]\]. There are reports of heavy use of cosmetics by Iranian women \[[@CR27], [@CR28]\]. Conventional cosmetics in Iran are imported mainly from China, Turkey, Korea, and England \[[@CR29], [@CR30]\].

Benzene, toluene, ethylbenzene, xylene (BTEX), formaldehyde and acetaldehyde were sampled from the indoor and outdoor air of 20 beauty salons during winter 2016--2017 in Tehran, Iran. The selected salons were located in different areas of the city. A questionnaire was completed by each salon owner to record the basic characteristics of salons, such as area (m^2^), number of active employees, type of ventilation, working hours, type of ongoing treatments, etc. Smoking was prohibited in each monitored beauty salon. Three samples each were collected from both the inside and outside air of each salon using active sampling methods during mornings. To assess human exposure, the samplers were placed in the height of 1.5 m of active salons, near the working area. In total, 360 samples were collected, 180 each for inside and outside spaces (3 × 60 for BTEX, formaldehyde and acetaldehyde). After sampling, the sampling cartridges were sealed with plastic or brass end caps, placed in a sealed plastic box at 4 °C, and then transported to the laboratory. All sampling and analysis were completed during a 3 month period.

Services with potential emission of VOC were categorized in three main groups; hair coloring (dyes, bleaches, etc.), nail treatment (lacquers, polishes, etc.), and hair styling (oils, ointments, brilliantines, creams, gels, products for waving and straightening, etc.). The number of customers receiving each of these three services was recorded during sampling interval. The ventilations system of each salon can be categorized into three groups; 1) fan and closed window, 2) fan and open window, and 3) air purifier. Two salons used air purifiers. The models used were AIRMEGA 300 (COWAY, Korea) and IQAir HealthPro Plus - New Edition (IQAir, Switzerland) that have an activated carbon filter and a gas phase filter to remove gaseous pollutants, respectively. The air purifiers were placed in the center of salons.

Sampling and analysis {#Sec4}
---------------------

For BTEX, active sampling was performed using a pump (Universal 224-44MTX, SKC, USA) with a flow rate of 200 mL/min, and a solid sorbent tube (coconut shell charcoal, 100 mg/50 mg, 226--01 -- SKC, USA) for 30 min. Three samples (each for 30 min) were collected sequentially indoors and outdoors. The sorbent from each tube was extracted using 1 mL CS~2~ (76.13 g/mol, Merck, Germany) and 30 min sonication. Gas chromatography/flame ionization detector (GC-FID: Agilent 7890B, Agilent Technologies, Waldbronn, Germany) was used to quantify the concentrations of BTEX. The sampling and analysis procedure implemented NIOSH method 1501 \[[@CR31]\]. One μL samples were injected to the glass column with a 5:1 split ratio. Injection and detector temperature were 250 °C and 300 °C, respectively. The column temperature was held at 40 °C for 10 min, and then increased by 10 °C/min to 230 °C. The carrier gas was helium with a flow of 2.6 mL/min. The results of sequential samplings were averaged to obtain a single value for each salon.

Formaldehyde samples were taken using a cartridge containing XAD-2 coated with (2-hydroxymethyl) piperdine (226--118 -- SKC, USA), and a pump with flow rate of 50 mL/min for 30 min. Formaldehyde was desorbed from the cartridge with 10 mL of carbonyl-free acetonitrile (41.05 g/mol, Merck, Germany) and 30 min sonication. Gas chromatography/flame ionization detector (GC-FID: Agilent 7890B, Agilent Technologies, Waldbronn, Germany) was used to measure the formaldehyde concentrations. The procedure fully implemented NIOSH method 2541 \[[@CR31]\]. One μL of the samples were injected into the capillary column in splitless mode, and with split vent time of 30 s. Injection and detector temperature were 250 °C and 300 °C, respectively. Column temperature was held at 70 °C for 1 min, and then increased by 15 °C/min to 240 °C, and held for 10 min. Carrier gas was helium with flow of 1 mL/min, with makeup flow of 29 mL/min.

Acetaldehyde was sampled using a solid sorbent tube 2-(hydroxymethyl) piperidine (2-HMP) on XAD-2, (450 mg/225 mg, 226--27 -- SKC, USA) and a pump with flow rate of 50 mL/min for 30 min. Desorption was done with 5 mL toluene (92.14 g/mol, Merck, Germany) and 60 min ultrasonic. Gas chromatography/flame ionization detector (GC-FID: Agilent 7890B, Agilent Technologies, Waldbronn, Germany) was used to measure the acetaldehyde concentrations. The procedure fully implemented NIOSH method 2538 \[[@CR31]\]. One μL splitless injections were made into the fused-silica capillary. Injection and detector temperature were 250 °C and 300 °C, respectively. The column temperature was increased from 70 °C by 6 °C/min to 110 °C, and then by 30 °C to 260 °C. The carrier gas was helium with flow of 1 mL/min, with makeup flow of 29 mL/min.

Quality control/quality assurance {#Sec5}
---------------------------------

The pump flowrate was calibrated before each sampling with a gas flow meter (Model 4140, TSI Inc., USA). Analytical instruments were calibrated using analytical grade reagents before each set of samples in reasonable concentration ranges for BTEX (1--50 μg/m^3^), formaldehyde (1--100 μg/m^3^), and acetaldehyde (1--100 μg/m^3^). For quality assurance, in 10% of samplings, two sets of equipment were placed at the place simultaneously, and duplicate samples taken to estimate instrument precision. Replicate samples were recorded in two beauty salons. This analysis showed good agreement between sampling devices and replicate samples (Pearson's *r* \> 0.97). Quality assurance procedures also included field, laboratory and solvent blanks to check for contamination. Blank samples showed negligible BTEX contamination.

Risk assessment {#Sec6}
---------------

The cancer risks from exposure to benzene, formaldehyde, and acetaldehyde and non-cancer risk of toluene, ethylbenzene, and xylene were estimated. The Additional file [1](#MOESM1){ref-type="media"} provides the details of the health risk assessments. Body weight and inhalation rate values recommended by US EPA are 70 kg and 20 m^3^/day, respectively \[[@CR32]\]. Considering 8-h working shifts per day and 30 vacation in each year, EF can be calculated (=52 × 6/3--30) to be 74 days. Also, ED was assumed to be 30 years. In addition, averaging time for 70 years were obtained 25,500 days.

Deterministic risk assessment considers worst case or conservative scenarios. Alternatively, stochastic risk assessments estimate the probability distributions of toxic compounds' risk. Stochastic calculations treat some variables as random variables drawn from known probability distributions. ModelRisk (Vose Software) was used to simulate the distribution of risk based on the distribution of parameters used in the risk calculations by Monte Carlo analysis. The concentrations of the air pollutants were assumed to have log-normal distributions. Exposure frequency and exposure duration were considered to be distributed normally with the mean values of 74 days and 30 years, respectively. The minimum and maximum values were considered as 52 and 96 days for EF and 25 and 35 years for ED. CSFs for benzene and Reference concentrations (RfCs) for non-carcinogens were obtained from integrated risk information system (IRIS). According to this database, CSF for benzene, formaldehyde, and acetaldehyde are 0.029, 0.045, and 0.0077 1/(mg/kg.day), respectively. RfCs for chronic inhalation exposure of TEX and acetaldehyde compounds are 5.0, 1.0, and 0.1 mg/m^3^, respectively. These values were converted to mg/kg.day as the dose unit. Therefore, the doses of toluene, ethylbenzene, and xylene were calculated to be 1.43, 0.29, and 0.029 mg/kg.day, respectively. The number of random samples were set at 1000. The outcome of the analysis for each compound was a histogram, and the 95% CI were calculated for each probability distribution.

Statistical analysis {#Sec7}
--------------------

All statistical analyses were performed using Sigma Plot 12. Kolmogorov-Smirnov and Levene tests were used to check the normality of data, and equality of variances, respectively. To compare indoor and outdoor concentrations of each pollutant, paired t-test was used for data with normal distributions and equal variances. The effect of ventilation type was investigated using one-way ANOVA and Holm-Sidak test. The correlations between the concentrations of the measured pollutants were assessed with Pearson's correlations. Multiple regression analysis was used to assess the effect of number of customers receiving different services (hair coloring, nail treatment, and hair styling) on the indoor VOC concentrations. Insignificant variables were removed from the model backward stepwise, and only the significant independent variable(s) are reported. The relationships between surface area of salons, temperature, relative humidity, and pollutant concentrations were analyzed separately using simple linear regression. The detailed results of statistical analyses are presented in the Additional file [1](#MOESM1){ref-type="media"}.

Results {#Sec8}
=======

Concentrations of BTEX, formaldehyde, and acetaldehyde were measured in 20 beauty salons, and several environmental and occupational factors were recorded simultaneously. The average air temperature and relative humidity were 21.8 °C and 29%, respectively. Table [1](#Tab1){ref-type="table"} presents some basic characteristics of BSs, number of cosmetologists, and number of customers receiving treatments with high VOCs potential during sampling.Table 1Characteristics of 20 beauty salons used in this studySalon No.Area (m^2^)Working hour (h)No. of cosmetologistsHair coloring^a^Nail treatment^a^Hair styling^a^Ventilation^b^112088537F2130977312F3120954510F413079274F + W5160815746F610593322F + W7125109844AP811089582F + W99597757F1010078865F119598796F1295118964F13100810889F141101012548F15105810556F + W16105811847F + W17130914736AP181001110679F19115712437F + W209599668F^a^Each comprises all the activities related to hair coloring, nail treatment, and hair styling^b^*F* fan, *F + W* fan plus open window, *AP* air purifier

Figure [1](#Fig1){ref-type="fig"} presents box and whisker plots displaying the distributions of the pollutants inside and outside the beauty salons. Indoor concentrations of each pollutant were significantly higher than its outdoor concentrations (*p* \< 0.05). The indoor to outdoor ratios for benzene, toluene, ethylbenzene, xylene, formaldehyde, and acetaldehyde were 2.04, 1.73, 2.01, 2.46, 2.11, and 2.21, respectively.Fig. 1Descriptive statistics of inside and outside concentrations of air pollutants. Legend: The median, quartiles, minimum and maximum (whiskers), outliers (circles) and extreme values (asterisks) are shown in this Figure

Concentrations of compounds in salons with different building characteristics were compared and the results are presented in Supplemental Material. The comparison between 3 types of ventilation mode showed that ventilations with air purifier, and fan and open window were more effective than just the fan (*p* \< 0.05). No significant relationship was found between ventilation with air purifier, and fan and open window. In addition, floor area of salons did not affect the air pollutant concentrations (*p* \> 0.05). Significant correlations were found between the concentrations of total VOCs (sum of all the measured compounds) and temperature (R^2^ = 0.71) and humidity (R^2^ = 0.74).

Table [2](#Tab2){ref-type="table"} presents the results of multiple regression about the relationship between the number of ongoing processes in beauty salons and concentrations of air pollutants. The results of multiple regression showed that concentrations of benzene and toluene were affected only by the number of hair dying treatments. Concentrations of xylene was affected only by the number of hair styling processes. And finally, the concentrations of formaldehyde were affected by either the number of hair stylings and nail treatments. The number of any processes had no effect the concentrations of acetaldehyde.Table 2Parameters affecting the indoor concentrations of air pollutantsParameterCoefficientStd. coefficientStd. Error*P*-valueR^2^BenzeneConstant3.786--1.163--0.387Dying0.6200.6220.1840.003TolueneConstant4.768--2.146--0.204Dying0.7290.4520.3390.046Ethylbenzene------------XyleneConstant13.027--2.356--0.222Hair styling0.7720.4710.3410.036FormaldehydeConstant−2.232--4.265--0.415Nail1.6390.5490.5560.009Hair styling0.8920.3860.4310.054Acetaldehyde------------

Table [3](#Tab3){ref-type="table"} presents the Pearson correlation coefficients between 6 investigated air pollutants. According to this table, only the correlation between formaldehyde and acetaldehyde (r = 0.65) was significant (*p*\<0.05), indicating that 65% of formaldehyde and acetaldehyde variations are associated.Table 3Pearson's correlation coefficients between air pollutantsPollutantsBenzeneEthylbenzeneTolueneXyleneFormaldehydeAcetaldehydeBenzene1.00−0.430.52−0.04−0.070.16Ethylbenzene−0.240.45−0.04−0.31Toluene0.270.020.13Xylene0.270.12Formaldehyde***0.65*** ^*a*^Acetaldehyde1.00^a^*p*\<0.05

According to deterministic risk assessment analyses, the cancer risks of benzene, formaldehyde and acetaldehyde were estimated to be 5.44 × 10^− 6^, 1.33 × 10^− 5^, and 6.26 × 10^− 6^. Hazard ratios for toluene, ethylbenzene, and xylene were 1.60 × 10^− 4^, 1.20 × 10^− 3^, and 1.54 × 10^− 2^, respectively. Figs. [2](#Fig2){ref-type="fig"} and [3](#Fig3){ref-type="fig"} show the results of the stochastic risk assessment for BTEX compounds, formaldehyde and acetaldehyde. The minimum cancer risks of benzene, formaldehyde and acetaldehyde were predicted to be 3.11 × 10^− 6^, 3.13 × 10^− 6^, and 2.12 × 10^− 6^, respectively. The maximum values of cancer risks for benzene, formaldehyde and acetaldehyde were 9.04 × 10^− 6^, 2.70 × 10^− 5^, and 1.12 × 10^− 5^, respectively. The minimum hazard ratios for toluene, ethylbenzene, and xylene were 7.12 × 10^− 6^, 6.45 × 10^− 4^, and 8.76 × 10^− 3^, respectively. The maximum values of hazard ratios predicted for toluene, ethylbenzene, and xylene were 2.57 × 10--4, 2.05 × 10^− 3^ and 2.49 × 10^− 2^, respectively.Fig. 2Probability distribution of cancer risk for (**a**) benzene, (**b**) formaldehyde, and (**c**) acetaldehyde Legend: The bars represent the probability of cancer risk, and the two vertical lines shows the confidence interval of 95%Fig. 3Probability distribution of hazard ratios for (**a**) toluene, (**b**) ethylbenzene, and (**c**) xylene Legend: The bars represent the probability of non-cancer risk, and the two vertical lines shows the confidence interval of 95%

Discussion {#Sec9}
==========

The indoor concentrations of each pollutant were higher than the corresponding values in the local ambient air. This result was expected given that cosmetic products are known emission sources. The I/O ratios were between 1.7 and 2.4 for all measured pollutants. de Gennaro et al. (2014) found very high (\> 10) indoor to outdoor (I/O) ratios of VOC concentrations in hair salons \[[@CR33]\]. The lower ratios in the present study can be associated with the presence of ventilation systems. de Gennaro et al. (2014) did not discuss the ventilation in their measured salons. Goldin et al. (2014) measured total VOC concentrations in nail salons and reported the median concentration was 4800 ppb \[[@CR21]\]. Tsigonia et al. (2010) examined VOCs in beauty salons, and reported that the major detected VOCs were aromatics (toluene, xylene), esters and ketones (ethyl acetate, acetone, etc.), terpenes (pinene, limonene, camphor, menthenol), and camphor. Formaldehyde concentrations were below detection limit of their method \[[@CR4]\]. This difference with the present study may be due to differences in the cosmetic products in use and measurements were made in small salons with fewer customers. Chang et al. (2017) investigated indoor air of hairdressing salons in Taipei, and found 387 different ingredients. Their minimum and maximum formaldehyde concentrations were 12.40 and 1.04 × 10^3^ μg/m^3^, respectively \[[@CR22]\]. In our study, all of the observed formaldehyde concentrations were lower than WHO guideline value of 100 μg/m^3^ for 30-min exposures. In case of benzene, no safe level of exposure has been recommended by WHO \[[@CR12]\].

Beauty salons with better ventilations had lower concentrations of VOCs. Chang et al. (2017) reported high concentrations of CO~2~ in salons with poor ventilation \[[@CR22]\]. Goldin et al. (2014) observed higher TVOC and PM~2.5~ concentrations in salons with less ventilation. It appears that salons with open doors, and table or roof fans had lower concentrations of pollutants compared to enclosed buildings with central ventilation systems \[[@CR21]\].

Formaldehyde and acetaldehyde were correlated to each other, likely due to common sources. However, acetaldehyde was not related to any ongoing treatments. However, nail treatments and hair styling affected formaldehyde concentrations. An additional linear regression analysis was performed to investigate just the effect of hair styling, the variable that had the lowest *P*-value in the multiple regression analysis, on acetaldehyde concentration. The fit was marginally significant (*p* \< 0.1). The intercept and slope for hair styling were 20.47 and 1.89, respectively. This shows that the number of hair styling treatments affects both formaldehyde and acetaldehyde concentrations, but in different statistical significance levels. In addition, Fig. [1](#Fig1){ref-type="fig"} showed that acetaldehyde concentrations were higher than formaldehyde. This can be due to the content of cosmetic products. Additional studies should be conducted to explore the relationship between the ingredients of cosmetic products and toxic compounds in the air.

Temperature and relative humidity were positively correlated with the total VOC concentrations in accordance with prior literature \[[@CR34], [@CR35]\]. Higher temperatures increase the evaporation of VOCs from cosmetic products \[[@CR36]\]. Therefore, in order to decrease the concentrations of VOCs in beauty salons, the optimum conditions in case of temperature and humidity can be provided. However, Quach et al. (2011) report that temperature was weakly correlated with toluene and isopropyl acetate concentrations. Relative humidity had no relationship with measured concentrations for any of the compounds \[[@CR37]\].

Significant relationships were found between compound concentrations and the number of ongoing treatments. The results found relationships between benzene-hair dying, toluene-hair dying, xylene-hair styling, formaldehyde-nail treatment, and formaldehyde-hair styling. Goldin et al. (2014) reported higher TVOC concentrations were observed during nail treatments. However, TVOCs concentrations were independent of the number of ongoing nail treatments \[[@CR21]\]. Quach et al. (2011) reported that workers who performed pedicures were more likely to be exposed to higher ethyl acetate values compared with those who applied silk nails and acrylic nails. They found that the number of permanent wave treatments and the number of workers were associated with formaldehyde concentrations \[[@CR37]\].

According to previous studies, compounds with an attributable cancer risk more than 1 × 10^− 4^ were defined as a "definite risk", those between 1 × 10^− 5^ and 1 × 10^− 4^ were "probable risk", and between 1 × 10^− 5^ and 1 × 10^− 6^ was a "possible risk". A cancer risk less than 1 × 10^− 6^ is recommended by USEPA as an "acceptable risk" \[[@CR38]\]. In this study, minimum, average, and maximum carcinogen risks for benzene, formaldehyde, and acetaldehyde were exceeded 1 × 10^− 6^. Hence, these compounds represent a possible cancer risk in the beauty salons but does not pose a significant risk. To assess the non-carcinogenic effects of the TEX compounds, an HR below 1 should be considered to be as a negligible risk \[[@CR39]\]. The findings in this study showed average, minimum, and maximum non-carcinogenic risks of toluene, ethylbenzene, and xylene in beauty salons were less than one. Therefore, they can be considered to have negligible non-carcinogenic risks. In addition to the risk attributed to each compound, the total cumulative non-cancer risk can be an important value. By aggregating all the individual values, total cumulative non-cancer risk was 1.70 × 10^− 2^, that is still less than one.

Conclusions {#Sec10}
===========

High inside to outside ratio of air pollutant concentrations demonstrated that the indoor activities were VOC sources. Significant relationships between the concentrations of some compounds (i.e. benzene, toluene, ethylbenzene, and formaldehyde) and the number of different treatments identified possible sources for these compounds. Relationships between air pollutant concentrations and the salon characteristics were analyzed, and effective ventilation was found to reduce exposure. Chronic exposure to a mixture of air pollutants can impose greater adverse health effects rather than single exposures. Thus, to protect the workers, controlling ventilation, it is possible to reduce indoor pollutant concentrations. It would also be possible to use products with little or none of these toxic species as ingredients. To improve health conditions in beauty salons, air quality guidelines or a mandatory occupational regulatory framework is needed. In addition, identifying and prohibiting cosmetic products with potentially toxic emissions could reduce VOC exposures to both workers and customers.

Additional file
===============

 {#Sec11}

Additional file 1:More details of the chemical analyses and the detailed results of the statistical analyses are presented in the Additional file; other information is also available from the corresponding author upon reasonable request. (DOCX 70 kb)
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